Although pulmonary hydatid cysts can be diagnosed on computed tomography (CT), sometimes findings can be atypical. Other hypodense infective or neoplastic lesions may mimic hydatid cysts. We proposed that magnetic resonance imaging (MRI) may act as a problem-solving tool, aiding the definite diagnosis of hydatid cysts and differentiating it from its mimics. The aim of this study is to assess the findings of pulmonary hydatid cysts on CT and MRI and the additional contribution of MRI in doubtful cases. Materials and Methods: This is a retrospective study of 90 patients with suspected hydatid cysts. CT and MRI findings were noted and role of MRI in diagnosing hydatid cysts and its mimics was studied. Descriptive statistics for CT findings and sensitivity and specificity of MRI were calculated using surgery or histopathology as gold standard. Results: Of the 90 patients with suspected pulmonary hydatid cysts, there were 52 true-positive and 7 false-positive cases on CT. Commonest CT finding was unilocular thick-walled cyst. In the 26 patients who had additional MRI, based on T2-weighted hypointense rim or folded membranes, accurate preoperative differentiation of 14 patients with hydatid cysts from 10 patients with alternate diagnosis was possible. There was one false-positive and one false-negative case on MRI. Conclusion: Although hydatid cyst can be diagnosed on CT on most occasions, sometimes there are challenges with certain mimics and atypical appearances. T2-weighted MRI can act as a problem solving tool to conclusively diagnose hydatid cyst or suggest an alternate diagnosis.
Introduction
Cysts and cyst-like hypodense lung lesions sometimes pose diagnostic challenge on chest computed tomography (CT). In endemic areas, hydatid cyst is one of the top differential diagnoses. Tumors like schwannoma with cystic degeneration, [1] sinister lesions like necrotic lung cancer, [2] metastases, [3] and infections like tuberculosis may mimic hydatid cyst.
When hydatid cysts show typical appearances like crescent sign, onion peel, or cumbo sign or folded membranes, the diagnosis is straightforward. However, atypical appearances with ruptured, collapsed, or infected cysts showing more hyperdense or solid appearance can pose problems, mimicking infections like tuberculosis or neoplastic lesions. We propose that in such situations, magnetic resonance imaging (MRI) may play a problem-solving role. The aim of the study is to describe the findings of pulmonary hydatid cysts on chest radiograph, CT, and MRI and study the role of MRI in patients with uncertain findings on CT.
Materials and Methods
We retrospectively analyzed CT thorax of 90 patients, performed between February 2006 and January 2018, with suspected or confirmed pulmonary hydatid cysts. All the patients had undergone chest radiograph, contrast-enhanced CT thorax with 2.5-5 mm axial sections, and coronal reconstructions. Patients with uncertain findings on CT had undergone additional axial and coronal T2-weighted fast/turbo spin-echo nonrespiratory-gated MRI. MRI was performed within a week of the CT. Time taken for the sequences was 5 min.
The CT and MRI findings were studied and compared with the final diagnosis based on histopathology. Descriptive statistics were used to list the imaging findings. Sensitivity and specificity of MRI were calculated. We also assessed the chest radiographic findings of confirmed pulmonary hydatid cysts.
Results
Of the total 90 patients suspected on the basis of CT to have pulmonary hydatid cyst, 67 patients were finally diagnosed to have hydatid cysts, 18 patients had alternate diagnoses, and 5 patients were lost to follow-up. Figure 1 shows details of the study cohort and mode of diagnosis.
Findings of hydatid cysts diagnosed on CT
A total of 60 cysts were seen in 52 true-positive cases diagnosed on CT alone (excluding 3 cases with multiple cysts). Details of the CT findings are given in Table 1 . Most of the cysts (n = 28) were seen as mildly thick-walled homogeneous unilocular cysts [ Figure 2 ]. Thin imperceptible wall was seen in only a few cysts (n = 5). Some of the cysts showed crescent sign (n = 5) [ Figure 3 ], air bubble sign (n = 9) [ Figure 4 ], and folded membrane appearance (n = 13) [ Figure 5 ]. Daughter cyst was seen in one patient. False-positive diagnosis of hydatid cyst was made on CT in seven patients based on the cystic appearance, of whom three had abscesses and the other four had endometriotic cyst, congenital cystic adenomatoid malformation, epithelial cyst, and gastroenteric cyst.
MRI findings
Twenty-six patients had additional T2-weighted MRI in an attempt to further characterize the lesions with uncertain findings on CT. High attenuating or enhancing areas, calcification, thick irregular septae, abscess like appearance, mediastinal adenopathy, hydropneumothorax, and filling defects in pulmonary arteries in a patient with past history of hydatid cyst were some of the findings which prompted performing the additional MRI. In a few instances, additional MRI was done in purely cystic lesions to look for the hypointense rim. On T2-weighted MRI, there were 14 true-positive cases with 18 hydatid cysts (excluding 1 case showing numerous cysts). Figure 6 shows the details of patients in whom additional MRI was performed. Hypointense folded membranes [Figures 7 and 8] aided the diagnosis of hydatid cyst in 16 cysts (89%) and hypointense wall (hypointense rim sign) [ Figure 9 ] helped in diagnosis of 2 unruptured cysts (11%). In one patient with past history of surgery for pericardial hydatid cyst, CT showed a lung cyst and also hypodense filling defects with focal dilatation of a few peripheral pulmonary artery branches [ Figure 10 ]. Hydatid embolism into the pulmonary arteries was considered which was confirmed on T2-weighted MRI, which showed tiny cystic lesions with hypointense membranes within the pulmonary artery branches [ Figure 10 ].
Of the 10 patients who were true negative on MRI, 7 patients showed solid and cystic areas without folded membranes or hypointense rim [ Figure 11 ] suggesting an alternate diagnosis and prompting image guided biopsy. Four of these were malignant lesions and three were benign [ Figure 6 ]. In the remaining three patients, well-defined cysts with thin wall [ Figure 12 ] and the lack of folded membranes suggested alternate cystic lesions. These patients after surgical resection proved to be having pleuropericardial cyst, enteric cyst, and a nonspecific benign cyst.
In one patient with a fungal infection, the debris on MRI resembled folded membranes, resulting in a false-positive diagnosis of hydatid cyst [ Figure 13 ]. In another patient with surgically proven hydatid cyst, hypodense lesion with faint peripheral nodular calcification was seen on CT and the MRI did not show any folded membranes leading to a false-negative diagnosis of neoplastic lesion preoperatively [ Figure 14 ]. The sensitivity, specificity, positive predictive value, and negative predictive value of MRI in diagnosis of hydatid cyst were 93%, 91%, 93%, and 91%, respectively.
Number, size, and distribution of hydatid cysts
Single cyst (80%) was more common than multiple cysts. Size of the cysts varied from 2 to 18 cm. Hydatid cysts were more common in the middle and lower lobes (75%), right lung (60%) being slightly more affected than the left. Pleural
Table 1: Imaging features of proven hydatid cysts diagnosed on computed tomography

Appearance of proven hydatid cysts on CT
Number of cysts (80 cysts in 63 patients excluding 4 cases with innumerable cysts)
Thick wall unilocular cyst 28
Thin wall unilocular cyst 7
Air crescent sign 5
Air bubble sign 9
Folded membrane 13
High attenuation areas 5 cysts were seen in six patients. Concurrent liver cysts were seen in 12 patients. One patient showed additional hydatid cyst in the adrenal gland and another patient showed additional hydatid cyst in the neck.
Chest radiographic findings of hydatid cysts
In 67 patients with 77 hydatid cysts (excluding the numerous cysts which were practically not countable), 76 cysts could be seen on chest radiograph. Of these, 39 cysts were well defined with round [ Figure 15A ] or oval shape [ Figure 15B ]. Five cysts were lobulated [ Figure 15C ]. Sixteen cysts were ill defined with nonspecific appearance. Two cysts presented as consolidation. Folded membranes [ Figure 15D ] were seen in seven cysts and crescent sign [ Figure 15E ] was seen in five cysts. Pleural effusion and hydropneumothorax were seen in chest radiograph in one patient each [ Figure 15F ].
Ultrasound findings
Ultrasound played a complementary role in the evaluation of five true-positive cases of hydatid cysts on CT which were located peripherally. Collapsed membranes [ Figure 16 ] were identified in three of these patients and trilaminar wall in two patients.
Discussion
Hydatid cyst is a parasitic infection caused by Echinococcus granulosus. Humans are the accidental hosts. [4] Hydatid cyst consists of three layers with fluid within. The outermost layer called the pericyst or ectocyst is formed by the host tissue's reaction to parasites. The middle layer is the laminated membrane or exocyst and the innermost layer is known as the germinative layer or endocyst. [5] Liver is the most common organ (60%) to be affected in adults, followed by lung (20-30%). [6] In children, lungs are more commonly involved. [7] [8] [9] Patients with pulmonary hydatid cysts may be asymptomatic or present with symptoms like cough, hemoptysis, and chest pain. [10, 11] Patients may even present with acute onset cough, hemoptysis, and anaphylactic reaction during rupture of cyst. [11] On CT, unruptured hydatid cyst appears as well-defined homogeneous cystic lesions which are difficult to Computed tomography-guided biopsy showed lymphoma differentiate from other cysts, apart from mildly thicker hyperdense walls. [12] Different types of CT appearances have been described in ruptured hydatid cysts. Cyst growth can erode the adjacent bronchioles and air can track between the pericyst and exocyst giving rise to the meniscus or crescent sign, which some consider as a sign of impending rupture. When air continues to enter the cyst, exocyst ruptures and parallel arches of air can be seen between the pericyst and exocyst named as onion peel or cumbo sign. The cyst contents can be evacuated into the bronchial tree resulting in air-fluid level and crumpled endocyst floating in the cyst fluid (water lilly sign or camelotte sign). Although rare, we have seen calcification in one hydatid cyst and daughter cysts in another. Previous series have also documented the rare occurrence of cyst wall calcification or daughter cysts in pulmonary hydatid cysts. [11] Ruptured hydatid cyst can have air-fluid level, air bubbles or cavitation, and blurred margins mimicking a lung abscess, pneumonia, or inflammation on CT. [13] Complicated cysts are also difficult to differentiate from other lesions, such as tumor, hematoma, or congenital cysts, pneumothorax. [13] [14] [15] [16] Varying MRI appearances of hydatid cyst have been documented. In the majority of previously reported cases, the cyst contents were hypointense on T1-weighted images and hyperintense on T2-weighted and proton density [PD] images [17] [18] [19] [20] with the capsule showing low signal intensity on T2-weighted images, which has been described as the hypointense rim sign, [18, 20] isointense signal on T1 weighted image, and mild post-contrast enhancement. However, there is no large study on the value of T2 hypointense rim in lung hydatid cysts. In our study, we found T2 hypointense rim in 2 unruptured cysts and T2 hypointense folded membranes in 18 ruptured cysts, as only atypical/doubtful cases underwent MRI. Hence, predictive values for each Figure 14 (A and B) : Axial contrast-enhanced computed tomography of thorax (A) showing a hypodense lesion with few peripheral calcifications (long white arrow). Due to the presence of calcifications, hydatid cyst was thought less likely. However because of the hypodense appearance, T2-weighted axial magnetic resonance imaging (B) was done which also did not show hypointense wall or folded membranes, precluding an imaging diagnosis of hydatid cyst. This lesion was finally diagnosed to be a hydatid cyst after surgery finding on MRI were not calculated. Further studies are needed to highlight the importance of T2 hypointense rim in lung hydatid cysts and to differentiate hydatid cysts from other lung cysts.
Other MRI sequences like diffusion weighted imaging (DWI), MR spectroscopy (MRS), and post-gadolinium images could also be used to evaluate hydatid cysts. Role of DWI has been studied in liver hydatid cysts, where significantly lower ADC values have been found in hydatid cysts in comparison with simple cysts. [21] On comparing 27 hydatid cysts, 5 abscesses, and 5 simple cysts, Oruç et al. concluded that DWI has a potential role in classifying the types of hydatid cysts. In their study, type 1 hydatid cysts and simple cysts showed similar ADC values. Also, abscesses showed similar ADC values as type 4 hydatid cysts, but much lower ADC values than type 1 cysts. [22] Pyruvate peak at 2.4 ppm has been demonstrated on MRS of hydatid cysts in brain and has also been proposed to be a marker of viability. [23] On post-contrast images, mild enhancement of the rim has been reported in hydatid cysts in different locations. [24] In our study, we performed only T2W images and other MRI sequences were not acquired.
Further studies are warranted to evaluate the role of DWI, MRS, and post-gadolinium studies in differentiating lung hydatid cysts and their mimics.
In our study, the described typical CT signs helped in making a definite diagnosis of hydatid cyst in 52 patients having 60 cysts on CT. In 14 patients, the findings were atypical on CT and lung mass or abscess was considered as differential diagnoses. However, folded membranes were clearly demonstrated on MRI aiding accurate preoperative diagnosis of hydatid cyst in these patients. Similarly, solid-cystic appearance with absence of folded membranes on MRI in seven patients and cysts with absence of hypointense rim sign in three patients helped us to correctly offer an alternate diagnosis preoperatively. We encountered one false-positive case on MRI, where the debris in a fungal abscess resembled folded membranes. One hydatid cyst showed solid appearance and calcification on CT and did not show folded membranes or hypointense rim on MRI resulting in a false-negative diagnosis. We recommend the following imaging pathway for hypodense lesions seen on CT, where hydatid cyst is suspected [ Figure 17 ]. Certain limitations of our study include the retrospective nature and the fact that not all patients had MRI. Additional MRI was performed only when the findings were uncertain on CT.
Conclusion
Thick-walled unilocular cyst is the most common CT imaging appearance of pulmonary hydatid cysts. Ruptured or complicated hydatid cysts may show typical radiographic and CT appearances with many named imaging signs, pointing toward the diagnosis. However, some of the complicated cysts may be atypical on CT, mimicking lung abscess or malignancy. In such situations, T2-weighted MRI can clearly demonstrate the ruptured folded membranes, clinching the diagnosis. Similarly, low-density tumors like schwannoma and malignant lesions like bronchogenic carcinoma and sarcoma can appear cystic on CT and mimic hydatid cysts. T2-weighted MRI can show that these lesions are actually solid with a "pseudocystic" appearance on CT, thus prompting biopsy. To conclude, we recommend additional T2-weighted MRI as a problem-solving tool to further characterize hypodense lesions with uncertain findings on CT.
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